In the last two decades, the field of stem cell neuro-as the factors influencing the neuronal, astrocytic, and oligodendrocytic commitment. biology has become one of the hottest, most rapid growing arenas in neuroscience. When, as a very young sci-
The role of stem cells within the adult rodent brain is the topic addressed by Bonfanti, Vescovi, and colleagues. entist, I entered the field of progenitor biology under the guidance of Professor Pasquale Graziadei at Florida State
The presence of stem cells in areas of protracted neurogenesis as well as in nonneurogenic areas raises ques-University, thoughts about neuronal turnover and migration of cells were not often the subjects of discussion.
tions about "actual" and "potential" stem cells within the central nervous system. Their chapter points to two The existence of "dreaming pools" of immature cells that could serve as replacements for existing neuronal fundamental concerns: evidence of the self-renewal capacity of stem cells in vivo and the incorporation of populations within the brains of either birds or rodents became obvious much later. But beginning in the early stem cells into functional circuits. Understanding of these concerns would definitely help to elucidate the 1990s, knowledge in this field grew like an avalanche. Today, no one doubts the existence of stem/progenitor role of stem cells in the adult brain and their possible participation in repair processes. cells within the brain, and scientists, like enthusiastic prospectors, have turned their attention to the next level,
The glial characteristics of adult subventricular zone (SVZ) stem cells were nicely reviewed by Alvarez-exploring the properties of these valuable cell sources and developing methods to utilize them in various thera-Buylla and his colleague. They discussed the possibility that glial-like stem cells may have characteristics of real peutic treatments. The development of therapeutic treatments, however, requires extensive and thorough knowl-SCs at other times in their development, thus proposing a revision to current understanding of the development edge of the properties and characteristics of these cells within their natural brain environment. This book, Stem of neural cell lineages. Through a series of in vivo and in vitro experiments, these authors suggest that cells ex-Cells and CNS Development, edited by Mahendra Rao, has appeared exactly at the right time to provide this pressing the antigenic features of astrocytes can also serve as stem cells. Thus, they suggest a reexamina-essential information.
Twelve well-known leaders in this field, along with tion of the concept of neuroglia being only nerve glue.
Their study shows that the term glia covers fully differ-their collaborators, have been brought together by Dr. Rao to provide the scientific audience the best of what entiated supportive cells as well as others with stem cell properties. is known about different classes of stem cells in the nervous system, their participation in neuro-and gliogen-Two groups of neuronal restricted progenitors (NRP) are discussed in a chapter from the laboratories of Rao esis, and their possible therapeutic applications. The first chapter, by Sally Temple, thoroughly covers basic defi-and Luskin. While NRPs in embryonic spinal cord are present only prenatally, NRPs derived from SVZ are nitions of terms used in stem cell biology. She explains clearly what is meant by terms such as "potency," "self-found in the postnatal brain. Although they both generate neurons, there are distinctions in their differentiation renewal," symmetric and asymmetric cell division. She clearly discusses the function and importance of the im-potential and their ability to respond to extracellular cues. After transplantation, their migration patterns and mediate environment or niche to provide specific molecules that determine the fate of stem cell development.
phenotypes differ, suggesting either an intrinsic bias or differential response to common cues. These cells have While the specific mechanisms underlying the maintenance of stem cell fate are still not completely under-infinite therapeutic possibilities because of their extensive migratory abilities and ultimate neuronal fate. stood, John Kessler and his collaborators devoted their chapter to the numerous factors that are known to regu-The next chapter deals with glial-restricted precursors (GRP) and gives an extremely useful list of nomencla-late the proliferation and survival of stem cells as well 730 BOOK REVIEW ture and alternative terminology for every glial precur-tency, and genetic flexibility, these cells may be able to serve as excellent models for testing the teratogenic sor. It also discusses the best culture conditions and substrate requirements of these GRPs. Doctors Nobel and properties and cellular toxicities of many drugs before conducting phase I clinical trials. Mayer-Proschel also address the differences (in cell cycle length, migration rate, etc.) between oligodendrocyte
One of the most exciting topics in the stem cell field is the mobilization of endogenous SC pools. Studies precursors within the perinatal and the adult brain. Special attention is given to the developmental maladies from Dr. Gage's laboratory and others have demonstrated that neurogenesis within the hippocampus responds to such as iodine or nutritional deficiencies associated with glial development, specifically in the failure of myelina-many influences, including environmental enrichment, physical exercise, learning, stress, glucocorticoids, neu-tion. At the end of their chapter, the authors lament the lack of good markers for astrocytes, particularly in light ral transmitters, and genetic factors. Now these authors believe that stem cells in nonneurogenic regions of the of the recent findings demonstrating that the adult mammalian brain has a precursor cell that expresses glial fi-brain can be mobilized by disturbances in overlapping cues, such as those just listed. Going to the core of the brillary acidic protein that up to now has been viewed as a definitive marker of mature astrocytes. problem, they review numerous points along complex regulatory pathways including the role of the microenvi-Peripheral nervous system-derived precursor cellstheir origin, isolation, and characterization-are docu-ronment in inducing the cell cycle, dictating differentiation and determination of cell fate, amplification, migra-mented by Drs. Moreno and Bonner-Fraser. These authors explain the mechanism of neural crest induction as tion and connectivity and their roles in producing the ultimate neuronal phenotype, which could possibly be mediated through cell-to-cell interactions on the border between epidermal ectoderm and the neural plate. They used as a key player in CNS repair. Utilization of stem cells in several inherited and ac-present further evidence supporting the role of bone morphogenetic protein and the TGF-β family in neural quired disease models was covered by Dr. Snyder's laboratory. In this chapter they gave examples of transplant crest induction. PNS-derived precursor cells acquire multiple specific fates including glia, neuron, and smooth therapies that can be used to treat diseases that have in common wide spread neural loss or dysfunction or muscle via progressive lineage restrictions.
The chapter by Dr. S. Goldman and his colleagues age-related degeneration. For diseases with global degeneration of neurons, they review examples such as gives a crucial overview of the isolation, distribution, and lineage competence of three major progenitor cell myelin deficiencies, leucodystrophies, and Alzheimer's disease while for limited damage to the CNS or PNS phenotypes from adult human brain. This chapter also points to lineage restrictions, innate multipotentiality, they utilize models of Parkinson's and Huntington's diseases and cerebellar neuron degeneration. This chapter and the degree of self-renewal and migration competence of these cells as important prerequisites for clinical clearly demonstrates that stem cells, with their ability to differentiate into all neural lineages, their capacity for utilization. They believe that it would also be possible to direct newly created networks of neurons and glia engraftment and migration through brain tissue, and their expression of foreign genes for cross-correction of to reestablish functions lost or damaged due to various diseases.
genetic defects have the potential to treat, through transplantation strategies, an endless list of devastating dis-Embryonic stem (ES) cells and their ability to replace primary culture systems are presented in Dr. Donald's eases.
The last chapter of this outstanding book is focused chapter. These cells are considered the earliest form of stem cells and, theoretically, able to give rise to all sub-on the union between molecular genetics and stem cells. Drs. Kamb and Rao make the reader familiar with the sequent stages of stem cells described in this book. This author presents a survey of methods for their isolation advances in biomaterial engineering and stem cell technologies. Technical issues of in vivo and ex vivo gene and specifics of their distinction from embryonic germ cells. In addition, he compares human, monkey, and therapy are discussed, including the design of gene transfer vehicles, the choice of target cells, and the at-mouse ES cells in terms of morphology, surface marker expressions, and response to leukemia inhibitory factor. tainment of sufficient levels of transgene expression and appropriate tissue targeting of the transgene. The authors Further, he focuses on the relationships between neural stem cells derived from ES cells and those derived from give examples of stem cells engineered to produce specific substances that could be delivered to replace miss-embryonic and adult CNS. Gene chip technology is expected to provide more information from a comparison ing ones. Stem cells could also serve either as drug targets or as a tool for drug discovery. They could be used of the genetic fingerprints of ES-derived SC and their CNS-isolated counterparts. Because ES cells provide to screen chemical compounds to identify growth and differentiation modulating chemicals. At present, gene major advantages such as indefinite replication, totipo-expression patterns are the preferred method for formu-Stem Cells and CNS Development, covers fundamental issues in stem cell neurobiology, I am certain that it will lating hypotheses about gene function. Stem cells are good candidates for comparative gene expression exper-be useful for scientists already familiar with neural stem cells, but because of the way it is written, I know it will iments. Gene knock-out technology that relies on embryonic stem cells is yet another genetic approach; how-also be a valuable tool for newcomers to this field. ever, in this area we will have to wait and see if results obtained in experiments with mice will translate into Tanja Zigova Center on Aging and Brain Repair therapy for humans.
Besides the extensive reference list of specific topics, Depts. of Neurosurgery, Anatomy and Pharmacology the book also includes four very useful and informative appendices: Neural Stem Cell Companies, Societies re-University of South Florida College of Medicine lated to transplantation and research, Patents, and U.S. Federal Guidelines on stem cells. Given that this book, Tampa, FL 33612
